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The dependence of the tunneling magnetoresistive effect 
on the barrier height was investigated. The magnitude of 
the barrier height increased with increasing aluminum ox- 
idation temperature and time from 0.3 to 2.3 eV in Fe/Al 
o*ide/Fe junctions. However, those values are smaller 
than those reported for an AI?0 3 barrier. A possible reason 
for this is that the barrier is not pure A1 2 0 3 , but AlO,. or 
another o*ide created by interface mixing between Fe and 
Al oxide. On the other hand, the magnetoresistance ratio in 
these junctions varied up to 18% at room temperature and 
up to 20% at 4.2 K. The dependence of the magnetoresist- 
ance ratio at 4.2 K on the barrier height is roughly the same 
as predicted by Slonczewskfs theory. This result shows 
thai the effective spin polarization of ferromagnetic elec- 
trodes changes according to the barrier height. 

Key words: tunneling magnetoresistive effect, ferromag- 
netic tunneling junction, magnetoresistance, barrier height, 
Al oxide 
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Fig, 1 Typical examples of I-V curves for Fe/Al 
oxide/Fe junctions. 
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Table 1 Barrier height and width of Fe/Al oxide/Fe 
junctions 
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Fig-. 2 Barrier height as a function of the oxidation 
temperature for (a) AHAl oxide)/ Al. (bj AHaI oxide)/ 
Fe. and (c) Fe/Al oxide/Fe junctions. 

SaKiMB*. J/:, 30 J c cottKicfei^Tji. BeffcB*ia 4 4 fe tc 

*<oK{b4SflaLrfeo. passs^ig^jss^ as^ss 



494 



a**cfflissa^^a voi. 21. No. 4-2, 1997 




I998$l 13268 it) !6:37/Sf l6:26/X»§3304392-679 



0.015 



0.01 - 



P 

S3 



8 0.005 



J2 



< 




1100 1000 900 800 

Wave number (cm" 1 ) 

Fig. 3 FT-IR spectra for 500A Fe/30A Ai films, a: 
30*C X 6 h, b: 30°C x 1 2 h, c: 30°C X 24 h, d: 60*0 xlh t e: 
60"C^3h, f: 60°C*6 h. 

ffi] & d«W*> ©£*t(-«s o «tt©^fc#Tfc 5. £ 

IT. KftffiK#S< V*lc«S£^V < tto d 

t-^fz. FT-IR OfflStCfcl^T, 60°CX24 Bfra^Jt^tL^ 
tt«T?f* Fe<0Kffc«3OVf-^*<*4. Lfcj&*-*T. Kft?^ 
-SytAtcKffl. SKSBSIiStiaLfcfc^. Fe ©BKb^jaMTrg. $ 

Slonctewski Qilt iihtS^ £ f: A (C. 4.2 K -rffiSUEtftJi:* 
fflflSU *OS2SKSffc??M£*^; Ltz<OM Fig. S^^o, CO 

g|| C{4( jQitc Fe Z'Z&iz L KSllgftiht 

§S^T$ jWjft 0.5- 1 ev -cfia^fttftit** i* 4 ^ £" o t & . P&3$ 
Si * 0.3 *3 i O* 2.0 e V Tit $ £S3\f£in:it:&<*3 £ 

Slonczewski t* @4B^* ot. B:5gi$#£IB&CtE 



n (£.+*..) (/c' + AJfe..) 



30 °C 



45 X 



60 °C 



20 

c£ 10 



"^n n — i — i — 

□ Fe/AI oxide/Fe 



at R. T. 



0 
10 



10"* 10" 1 10 u 10 l 10 z 10 3 

R* (Q) 

Fig. 4 MR ratio as a function of the resistance at 
room temperature. The oxidation conditions were as 
follows: ■: 30"Cxi2h, Q 30"CX24h, A: 4S*Cxl2h. 
A; 4S°Cx24 h. 60°C X"12 h. O: 60 a Cx24 h. 




-i — i — i — i — | i i i — i — | — i — i — i — i- 

Fe/AI oxide/Fe 
at 4.2 K 

0,9 - 



(1) 



1 2 
<& (eV) 

Fig 1 . 5 MR ratio at 4.2 K as a function of the barrier 
height. Closed circles (•) indicate present exper- 
imental results, and open triangles (&) results 
reported by others. 1 '* 2V !i ' The solid lines indicate the 
calculated results (after Slonczewski). 

fi£t±ft*<0 majority t minority ^5^©2£Sfc, * (£&&&~?OzS 

*S5fe-tf-*. ttz, A*, fe. oitti^^^ fe^iS 
tt'<v K5t»*^deHaas van Alphen ja^tt ^ i *3 ^ttfcfig^ 

<>: icseastttttst* cfcisma* Fig. 5 +flE>*ts-z?* o. *as 

JKl-^t^Sf^SfaitOiaggK^ «c^tfe{4 ( Slonczewski OgfSt 



B*J5ffl«a^SS Vol. 21. No. 4-2, 1997 



495 



FROM NSC WTAiW 



1998$ 1 18268010 \mB/m 1 6: 26/jtisf 3304392-679 P. 16 



4. i i * 

1) (a) Fe/Al o.xide/Fe, (b) AHAl oxide)/Fe, &Jl&( c ) 
AHAI oxide)/ Al ffid£ffc3H U -fr©/-^ ftttjft* £»2K* * 

2) FT-IR *fl|n-c. Al ©KffcttS^a-cfcS*, igftiBS 

SHSfcffl-^fc. P5S©Bflfll« Slonczewski <D?gfl5 L Tlr* 

m » *3F<£li, SRC Scholarship I* 

08405001) {C^OfT^nrt^. 



2) 

3) 

4) 
5) 
6) 

7) 
8) 

9) 

10) 
11) 

12) 

13) 
1*) 

15) 

16) 
17) 
IB) 
19) 



M. Jullicre: Phys. Lett. 54 A. 225 fl 975). 

S. Maefcawa and U. Gaf vert: IEEE Trans. Morn,. MAG-IS 707 
(1932). 

**S«, SflSHiS: B*iCffiSa^S2. 19 369 

(1995). y 

N. Tczuka and T. Miyazaki:/ 79 6262 ( , gg6j 

R. Stratton:/ Phys. Chem. Solids. 23. 1177 (19S2) 

T. Miyazaw and N. Twuka:/ Aft**, ji/^ 151 d03 

(1995). 

J.C. Fisher and 1. Ciaeven/. Axrpf. P/ry*. 32. 172 (1961) 
J.S. Maodcra. L. R. Kinder, T. M. Wonff, and R, Meservey- 
Phys. Rev. Lett., 74. 3273 (1995). 

R,S. Beech. J. Anderson. J. Dau^hion. B- A. E-critt, and D 

Wang: IEEE Trans. Magn*. in press. 

J, C. Slonczcvski: phys. Rav. B, 39. 6995 (1989) 

teE&S, WStt;^ S*5jfis: BSJSfflSSKSfcfisfc 16. 303 

(1992), 

T. Miyazaki and N. Tezuka; /. iV/a^n. M^n. Mat 139 231 

(1995). - " 

J. G. Simmons:/ Appi. Pkys. t 34, 1793 (1933). 

R. W. Hannah: .AppJ. Specirosc. 17, 23 (19G3). 

T. S. Plaskeu, P. P. Fraitas. N. P. Barradas. M.'r . da Si|v a . and 

J.C. Scares: / >!pp£ PA^. 76. 610-1 (199<s). 

J. S. Moodera. L. R. Kinder, J. Nowak. P. LeClair. and R. Meser* 

vey: AppL Phys. Lett.. 69, 703 (1996). 

J. Nowak and J. Raulusxk:cwicz:/ Magn. Mftgru Aflat. 109 79 
(1992). 

J. C Slonczcwski; Proceedings of the 5ih Annual Symposium 

on Magnetism and Magnetic Materials, p. 255 (199<i). 

P. M. Tcdrow and R. Mescrvcy: Phys. Rev. B, 7. 31 a (1972). 



f 

5 



496 



B;£f65!aES^£>;£ Vol. 21, No. 4-2, 1997 




<2> 



Hi J**ttft HDD ffl'Vi'FO!) 



ttmr j wmm± 

**1*ffc/\-K • x-f-X^M (HDD) ^^7 WMrl^LT, 

ffiiafii^SAT^SOXK-fbraSagaSTft 5o C CD TMR^§- HDD ^ 
KCffiiJjr, MS^^USa t 4' oTl^ K<BlO<& 



^- K - **4SE (HDD) 

1.4G fcf * >-^) 2 ^@i^ a 
1997^ftZl±2Gfcfv h/(-f = 

ot^^^ii MR (magnetotesistjve) 

n tiZtZ-ftiizffl — 
Sot h 7 v * ^r^CT-l 

*> 1997^*U«±£^L-f 9 fc\ g 
^SSSwSfit (GiMR:£iant-magne- 
toiesistive)^4-tl-p7t:GMR^ v K r 

K<sOl5RSP(±3G kTv h/(-f 



^ 0 , ^I^^?^oti^o 

S^b^l^SG^-f ho 3.5^ >t- 
22 HDD !±-r*-f ^ ^ £ lOSfcig 

:ft3:-r^ir5G/<< h — SOG-'W V 



^ :> -tLT, r??iofl4A 

LTl/: s '-^^ STMR Cmnnel- 
ing marnetoiesistive) K & 0 
MR^7 K^GMR^v K(±, ft 
£ tjd i * £ &8t3i ^Effc-f -5) £2 
5tsSSE (MR) S6b* T Sr^+K*W 



NIKKEI ElECTROMICS 1997.4.7 (no.636) 



125 



NEC Wj'AiV 



■m; 



:6Bl*) 1 6 : 50/S1 i 6 : 2^xf#§ 3304392-680 ?. 



Si) USi^-i^ i^Tfe* (EIl) a 
50%;rili-o 0 GMREt LtlU 



7%*£/S. MR i£ 2 %.fi£T^ o , 
GMR3£*D3&f£, MR^^ifc^rLi* 

ft. 4 C 4: I; fc*. 

1975 ^^OC 
^-i *7 0 J^tf^TMRM^?? 
L^Li£fi:lSSt f HDD^ 

ffc^ L7W£ <h fti jS-o tzfz 

tfcr£/5 r ;*:# < S2*3-=>7t:<oi±i994 

SftJg^^WSE^^-^^, 300K 
-e IS % ^#g^A S: it £ 7^1" TMR co 

i-UZgS^T 1996 3ptZl±* IBM Corp. 
^S£'-22%, 1997^{Z(is±i§ 



1^ O o 




0.008 



S 

15 
3 



0.006 



* -\ 



— 100 —50 0 50 . 



(3 2 3Elt*^fr'^KU 

20 t* 3E4t**^1994 

^ II iStj 3£ u tz h <D a 
|£ Fe/AhCVFe TMR 

5 5ifi£o^ Q » fit Kit 



10 



100 



126 



NIKK5I ELECTRONICS 1997.4,7 (no.6S5! 



ROM tfEC ^tOTAiV 



.998?! 18268 (*) 16:51/1?! 1 6 : 29/xl#f 3304392-680 ?. 



(a) TMRKtpMWa . 




(b) TMRSOT*HI 




t mm 



TMRSSii. t o i: 

o ^fisss (i 3£J£ £ epini- * fc 
-ofc§ (iffr) 

-TMRaSSrHDD^'N -j 
W , -73<oKte©±{::S:&Ht£/§ r 



* 3 f$ * f ft Z <r> b VX K f n -fc ^ T 32 ig -f 



Ir^iDx.Sfc, rO*|3li:£oT7 
fc^T'i So 

s)/*et£e/ei$JB (7'j-s) 

<0 4/£fSil75» * GMRJ&tCffifll 

Uflf 4 fct^ ssftt GMRKfcPIt 
ffil T v» & * c Si 0> fU .£ tJ* 2) Z, a 
8 6Ct-C*4. TMRJ&£HDDJS 



t/iLGMRSi: TMRK"C1±. « 
iiit^T^&iS^T^rfb a TMR 

teSSrfStt^iOUJiHTTMR 
K i ± «*» JB £ f£ 7 .« -e 2> * 0 $ u , 

TMRSSli, Bg^SiS Affile; ESS 5: 

^ - t ^ £ o 



f GMR-\v K=CMR^7 Kli. fg-^- 



NIKXEI ELECTRONICS 1997.4.7 (no.634) 



^^HDO^-nvKco^IC fTMRJ 1 27 



FROM NEC WiiAiV 



1 998? II =,268 (*) I6:5l/lfi i5:29/il§f 3304392-680 P. II 



Eri^ti* fc<±IB*>fct*J (Hit* 



is 



jHStajKli 300*ci-^_h 




0 90 130 



i£ 2) IBM Corp. li . Fe-Mn/Ni-Fe/AliOa/Co 
*X£<7> TMR AS ^ {S o T l£*JtS:ffca 22% * la 
— ~K<?)'3±&lt. Ni-Fe/Co/AliOv/ 
Co/Ni-Fe/Fe-Mn Jfi $ <£ -3 T 24 %<n\$. 



[3]ti^SL^TMR3Iis: ( Ni-Fe 
(l7.1nm)/Co(3.3nm)/ALO a (l.3nm) 
/Co (3.3nm> /Ni-Fe (I7.1nm) /Fe-Mn 
(45.0nm')^f5ig$r> ALO./g r 

' ^<^r«aoGMRJ5*"fl:o*tfi-S 

Co«i±. JKSEEfl:^*faJJ:$*4 
iM-eSttt* 4 '. Co/Ni-Fe»Bi£ 
ffcjg £ i fc * El St" * *5 <o S 
aS-ttWiZ «S Fe-Mn £ -s 5 
AlsO* Alt«z£Kfti--& 

c o v^o^^rs-effss LfcTMR 

?i J 16TL43!^t(B6)o' 
MR^7 Kli,250ti:t»-3fcSiaT- 

iafttsiflfcfi^'RSLT^ 



SIS, ^ftL^^-^^AtCStjcOftSll^B 
O ^ \ t H Pi t i2 <r> -n (Bj I c f t ? in & 9 



128 



NIKKEI ELECTRONICS 1997.4.7 (no.656) 



FROM NEC WrAiW 



l9SeS!lj!268(*) 16:52/11 1 5 : 29/xl# §3304392-580 ?. 3 



gpsz*A— F-tM^H 



Zfc-C**o GMRJKH. iTOJ:^ 
— *<OTMRK»±. 

<w - co/>- < igiar grc 

fci-^tf. TMR ^ y K*<fi*1"S 



BIS Ita^ftKLf; 

TMRR03jgR3Cffc«t± 
*£tft3£ft^<i24%, Ni- 
Fa (l7.1nm)/Co(3.3nm) 
/AI,O a (l.3nm)/Co<3.3nm) 
/Ni- Fed 7.1 nm)/Fe-Mn 
(4S.0nm) tiit^TMRiS 



25 




-50 0 

*fB3S#(Oe) 



E6 TMR]ig<7}2ft&£5£* 
PJ U Ni-Fe(l7.1nm)/Co 
(3.3nm) /Al,0 3 (l.Snm) / 
Co (3.3nm) /Ni-F© ( 1 7.1 
nm) /Fe-Mn (45.0nm) J3 

£. KS^ttAWCti. 200 

ika^aa^iSTr* t» 

<7)*>$»5^, (5 4: A. £03 
1**4 It 300 t; <^&i&~Itc 



h D-^r ;*J, 1996^7^ 1 B*, 
no.665, pp.91-111. 

2) rHDTvatfoDVD-^iJiwsaf-ufersas 

3-^*. no.68S ? pp.14- 16. 

3) 45*. r/hE/^-K • ■T'-r 

±, 1996^9/3 23 B-3-. no.671. pp. 
83-117. 

4) ■gwsas. r^^>h>*^s«»a 




200 



4Q0 



«&*J.rB*JEoffiB«^S£J, vol '0. 
no.5, pp.396-904. 1996^5^. 
5) Miya^aki. T. and Tezuka, N. t "Giant 
Magnetic Tunneling Effect in Fe/AkOi 
/Fe Juncdon.' Journal of Magnetism 
and Magnetic Materials, no.l39 r pp. 
L231-L234, 1995. 

Sato, M and Kobayashi, K., "Spin- 
Valve-Like Properties and Annealing 
Effect in Ferromagnetic Tunnel Junc- 
tions,* 1997 Ti\e IEEE International 
Magnetics Conference {Inermcg '97) , 
»iStf-*BQ-ia, Apr.1997. "• 



6) 



i£3) I±aii. Al**?iBB*ffcT*£fcT 
@tr:Ji JX^jy'tt^TSfcATA S. ' <73£ 

ttSuSilltv^. rsx*;. lsi 03 9 



CotiNi-Fe *t ^ 4^4251 3^*8 ffcA. C 

25o*cr3!fi4a5iT4^ , rfP3iiuri.»«. 



NIKKEI ELECTRONICS 1997.4.7 (no.686) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



